International Journal of Applied 
and Natural Sciences (IJANS) 

ISSN(P): 2319-4014; ISSN(E): 2319-4022 
Vol. 7, Issue 6, Oct - Nov 2018; 27-34 
© IASET 



I ASET ^ onnccl ' n 8 R cscarc hcrs; Nurturing Innovations 


International Academy of Science, 
Engineering and Technology 


USE OF CAUTION WHILE INTERPRETATION OF ELECTROLYTE RESULTS 
(SODIUM AND POTASSIUM) WHEN PROCESSED ON ELECTROLYTE ANALYZER OR 

ON ARTERIAL BLOOD GAS ANALYZER 


Supriya Rana 1 , Bhavana R. Thakur Das 2 & Ravjit Kaur Sabharwal 3 

1 Tutor Demonstrator, Department of Biochemistry, 

Punjab Institute of Medical Science, College in Jalandhar, Punjab, India 
2 Associate Professor, Department of Biochemistry, 

Punjab Institute of Medical Science, College in Jalandhar, Punjab, India 
3 Professor and Head, Department of Biochemistry, 

Punjab Institute of Medical Sciences, Jalandhar, Punjab, India 


ABSTRACT 


Objectives 


Accurate electrolyte results are important for management of critically ill patients hence this retrospective study 
was planned to compare these results processed on different instruments using the same direct ion-selective electrode 
technology. 

Material and Methods 

This was a retrospective study conducted in the Central Biochemistry Laboratory (CBL) of Punjab Institute of 
Medical Sciences, Jalandhar, from March 201 7 to September 2017. Paired samples of whole blood and serum were 
analyzed from 500 patients. ABG samples received in heparinized syringes were processed Medical Easy Stat ABG 
analyzer (Medica Corporation, Bedford, USA) and serum electrolytes were analyzed on Aciculate electrolyte analyzer 
(AEA) by Compact diagnostics India Pvt. Ltd. The data were compared and analyzed using Microsoft Excel 2010. The 
inter-instrument comparison was also done using Bland-Altman plots. 

Results 

There was a total of 500 patients for comparative analysis 284 males and 216 females with a mean age of 54 
years. The values for electrolytes were higher on electrolyte analyzer as compared to ABG analyzer for sodium they were 
136.70+9.28 mEq/L andl35.30+11.66 mEq/L, (p<0.01) and for potassium they were 4.26 +1.10 mEq/L and 3.50+1.03 
mEq/L respectively (p<0.05). the difference observed in the two instruments was statistically significant. 

Conclusions 

The results of the ABG analyzer can be used as a guideline to initiate primary treatment for critically ill patients 
but decide on definitive treatment only after the availability of serum electrolyte results. 

KEYWORDS: Critically III Patients, Paired Samples, Medica Easy Stat ABG Analyzer, Acculite Electrolyte Analyzer 
(AEA). 
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INTRODUCTION 

Background 

Electrolytes are one of the most commonly requested critical biochemical marker in the clinical laboratory. They 
are essential components of the tissues and helps in maintenance of various cellular functions like cell membrane potential, 
neurohormonal pathways, energy transformation, fluid and acid base balance of the body (1-4). The electrolytes levels 
(sodium and potassium) are important for predicting the patient outcome in critically ill or ICU patients, hence the 
availability of early results helps in the correction of electrolyte imbalance promptly and improves the patient outcome (5, 
6, 7). 

In Clinical biochemistry laboratory sodium and potassium levels can be analyzed both in whole blood and serum, 
but if the prompt report is required the electrolytes sodium and potassium are processed on arterial blood gas analyzer 
because the electrolyte analyzer requires a serum sample which takes time to separate(8). 

In a laboratory, the most common and fast method of estimating is by the ion selective electrode (ISE). It is of two 
types of direct ISE which processes the undiluted sample and indirect ISE which processes the sample after dilution. These 
analyzers could range from a POCT device to a benchtop analyzer or a fully automated Biochemistry analyzer (8, 9, 10). 

Various studies that have been performed for assessing the efficacy of electrolyte analyzers have reported variable 
results. There is a significant difference in electrolyte concentration processed on POCT devices compared to central 
laboratory analyzer(l 1-13) but many other studies observed comparable values and thus, can be used interchangeably for 
reporting the electrolytes with equivalent significance! 14, 15). 

The aim of our study was to evaluate if sodium and potassium values of paired arterial and serum samples, 
processed on two different analyzers i.e. ABG analyzer and electrolyte analyzer are equivalent and if they can be used 
interchangeably for reporting. 

MATERIAL AND METHODS 

This was a retrospective study conducted in the Central Biochemistry Laboratory (CBL) of Punjab Institute of 
Medical Sciences, Jalandhar, from March 2017 to September 2017. The data was collected from Inpatients mainly from 
emergency and Intensive care unit (ICU). A total of 500 patients whose paired venous and heparinized arterial samples 
were received simultaneously within 30 minutes, were included in the study. NICU patients and haemolysed samples were 
excluded from the study group. The ABG samples were received in heparinized syringes and processed within 15 minutes 
on Medica Easy Stat ABG analyzer (Medica Corporation, Bedford, USA). The serum electrolytes were analyzed on 
Acculite electrolyte analyzer (AEA) by Compact diagnostics India Pvt. Ltd. Both the machines were standardized daily by 
ensuring strict maintenance protocols and running daily internal quality controls. EQAS sample was also processed 
monthly as a part of external quality assurance. 
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The biological reference ranges used for reporting for sodium and potassium were 135-150 mEq/L and 2.5-5.0 

mEq/L. 

Statistical Analysis 

The data were compared and analyzed using Microsoft Excel 2010. Mean, standard deviation and two-tailed P 
value were calculated. Any P value <0.05 was considered statistically significant. The inter-instrument comparison was 
also done using Bland-Altman plots. 

RESULTS 

After exclusion of haemolysed and paediatric (<10years of age) samples, a total of 500 patients were taken for 
this retrospective comparative study. In our study, we compared the electrolyte analyzer values with the ABG analyzer 
values for both Sodium and Potassium. 284 males with a mean age of 53.9 yrs and 216 females with mean age of 54.1 yrs 
were included in the study. The overall mean age of the study group was 54yrs. 

The mean Sodium values on Electrolyte analyzer and ABG analyzer were 136.70±9.28 mEq/L andl35.30±l 1.66 
mEq/L, respectively (p<0.01) as shown in Table 1. A comparative difference mean between electrolyte analyzer samples 
and ABG analyzer samples for sodium was 1.39 mEq/L with SD +7.56 mEq/L. (Table 2) The 95% confidence interval of 
the difference was 0.725- 2.05 mEq/L. (Table 3) 

The mean potassium values on ABG analyzer was 3.50±1.03 mEq/L as compared to 4.26 +1.10 mEq/L on 
Electrolyte analyzer (p<0.05). (Table l)The mean difference for potassium was 0.70 mEq/L with SD +0.65 mEq/L (Table 
5). The 95% confidence interval of the difference for potassium was 0.644-0.756 mEq/L. (Table 6) 

Table 1: Comparison of Mean Values of Na+ and K+ from ABG Analyzer and Electrolyte Analyzer 


Analyte 

ABG Analyzer Mean±SD 

Electrolyte Analyzer 
Mean±SD 

P 

Sodium (mEq/L) 

135.30±11.66 

136.70+9.28 

0.01 

Potassium (mEq/L) 

3.5+1.03 

4.26+1.10 

0.05 


Table 2: Sodium Mean Difference with SD 


One-Sample Statistics 


N 

Mean 

Std. Deviation 

Std. Error Mean 

Na_difference 

500 

1.3900 

7.56706 

.33841 


Table3: Mean of Difference for Sodium between Electrolyte and 
ABG Analyzer Results with 95% Confidence Interval 


One-Sample Test 


Test Value = 0 

T 

Df 

Sig. 

(2-Tailed) 

Mean Difference 

95% Confidence Interval of the 
Difference 

Lower 

Upper 

Na_difference 

4.107 

499 

.000 

1.39000 

.7251 

2.0549 
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Na_Mean 


Figure 1: Bland-Altman Plot of Sodium Showing Sodium Difference (Serum Sodium - Arterial Sodium) with a 
Bias of 1.39meq/L and A 95% Confidence Interval Difference Of 0.725to 2.05 Meq/L 


Table 4: For Sodium there is a Proportionate Bias the Values on Two Test Showed a Constant Disproportion. 


Coefficients 11 

Model 

Unstandardized 

Coefficients 

Standardized Coefficients 

t 

Sig. 

95.0% Confidence Interval for 

B 

B 

Std. Error 

Beta 

Lower Bound 

Upper Bound 

1 

(Constant) 

36.419 

4.430 


8.221 

<0.01 

27.715 

45.123 

Na Mean 

-.258 

.032 

-.335 

-7.928 

<0.01 

-.321 

-.194 

A Dependent Variable: Na difference 


Table 5: K Difference and SD 


C 

»ne-Sample Statistics 


N 

Mean 

Std. Deviation 

Std. Error Mean 

K_difference 

500 

.7015 

.64996 

.02907 


Table 6: Mean of Difference for Potassium between Electrolyte and 
ABG Analyzer Results with 95% Confidence Interval 


Coefficients 11 


Model 

Unstandardized Coefficients 

Standardized Coefficients 

t 

Sig. 

95.0% Confidence Interval for B 

B 

Std. Error 

Beta 

Lower Bound 

Upper Bound 

1 

(Constant) 

.396 

.115 


3.452 

.001 

.170 

.621 

K Mean 

.078 

.028 

.123 

2.759 

.006 

.023 

.134 


A Dependent Variable: K difference 


K_Mean 

Figure 2: Bland-Altman Plot Showing Potassium Difference (Serum Potassium- Arterial Potassium) with a 
Bias of 0.701meq/L and A 95% Confidence Interval Difference of 0.644to 0.758 Meq/L 



For Potassium too, there is a proportionate Bias The values on two test showed a constant disproportion. 


For Sodium and potassium, there is a positive proportionate Bias. The values reported by electrolyte analyzer 
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were higher as compared to the ABG analyzer. The values on the two test showed a constant disproportion. 

DISCUSSIONS 

In the present study, we investigated whether sodium and potassium values measured on two different instruments 
working on the same principle were equivalent, and if so, the data can be employed interchangeably in routine practice. 
The US CLIA 1988 rules accept a difference of 4.0 mmol/L in sodium levels and 0.5 mmol/L in potassium levels. In our 
study, the difference in sodium and potassium levels was 1.39 mmol/1 and 0.7 mmol/1. The values showed a positive bias 
for electrolyte values as compared to the ABG values. 

Previous studies by Yasemin et al 2012, Jain A & Chow E 2008 (16) also showed similar results as that sodium 
values analyzed on two different instruments differed significantly to an extent that it affects therapeutic choice. 

In another study undertaken by Morimatsu et al,21 it was seen that that results of electrolyte analyzer and ABG 
analyzer were significantly different for sodium and chloride levels. The differences in the electrolyte values significantly 
affect the true calculation of the anion gap and hence delay the timely correction of the deficit if any present. Another study 
by Chacko et al(22) also showed that the values obtained by the two analyzers were different. 

Similarly, potassium values obtained on ABG analyzer and Electrolyte analyzer differ significantly (p<0.1). The 
observed variations in K + values of paired samples may be due to differences in sample type i.e. serum and the whole 
blood. It is well-known fact that during clotting potassium is released from platelets, contributing to higher serum 
potassium levels than in whole blood. Whereas in whole blood sample various preanalytical factors affect the integrity of 
the sample e.g. inadequate mixing of heparin with the sample leading to clot formation, excess usage of heparin or 
incomplete flushing of heparin from the syringe leading to dilution of sample (17,18). The heparin has the ability to bind to 
the positively charged ions in the blood creating a negative effect on the electrolyte level which could be the reason for the 
negative bias in the ABG analyzer results. (19,20) 

The observed differences between electrolyte levels measured on ABG analyzer and Electrolyte analyzer may be 
explained by a combination of factors like sample type, sample transport, variations in instrument calibration, use heparin, 
different manufacturer. (1) 

CONCLUSIONS 

The mean value of electrolytes (sodium and potassium ) as measured by electrolyte analyzer were higher than the 
ABG analyzer values showing a positive proportionate bias more for the sodium result and lesser for the potassium results, 
hence these cannot be used interchangeably but at the same time the bias is positive and constant indicating that the values 
of ABG analyzer can be used as a guideline for to initiate the primary treatment for a critically ill patient but the clinician 
must decide on definitive treatment only after the serum electrolyte results are available The clinician must carefully 
interpret the electrolyte results in case of emergency. Another aspect for comparing the two results which need to be 
investigated is the use of conventional syringes flushed with liquid heparin which could possibly lead to some dilution of 
the sample and hence leading to low results for electrolytes on ABG analyzers. 

REFERENCES 

1. Murray MJ. Michael James, American Society of Critical Care Anesthesiologists. Lippincott Williams & Wilkins, 

Philadelphia, PA; 2002. 168; pp. 168-169. 


www.iaset.us 


editor @iaset. us 



32 


Supriya Rana, Bhavana R. Thakur Das & Ravjit Kaur Sabharwal 


2. Hoekstra M, Vogelzang M, Drost JT, Janse M, LoefBG, van der Horst 1C, et al. Implementation and evaluation 
of a nurse-centered computerized potassium regulation protocol in the intensive care unit—a before and after 
analysis. BMC Med Inform Decis Mak. 2010;10:5. [ PMC free article 1 [ PubMedl 

3. Vincent JL, Abraham E, Moore FA, Kochanek P, Mitchell P. Textbook of Critical Care. 6th ed. Philadelphia 
(PA): Saunders; 2011. 

4. Buckley MS, LeBlanc JM, Cawley MU. Electrolyte disturbances associated with commonly prescribed 
medications in the intensive care unit. Crit Care Med. 2010;38(6 Suppl):S253-S264. [ PubMedl 

5. Whelan B, Bennett K, O'Riordan D, Silke B. Serum sodium as a risk factor for in-hospital mortality in acute 
unselected medical patients. QJM. 2009;102:175-182. [ PubMedl 

6. Chawla A, Sterns RH, Nigwekar SU, Cappuccio JD. Mortality and serum sodium: do patients die from or with 
hyponatremia? Clin J Am Soc Nephrol. 2011;6:960-965. [PMC free article 1 [ PubMedl 

7. Mousavi SA, Shahabi S, Mostafapour E, Purfakharan M, Fereslitelinejad SM, Amini J, et al. Comparison of the 
serum electrolyte levels among patients died and survived in the intensive care unit. Tanaffos. 2012;11:36- 
42. [PMC free article 1 [ PubMedl 

8. Dimeski G, Morgan TJ, Presneill JJ, Venkatesh B. Disagreement between ion selective electrode direct and 
indirect sodium measurements: Estimation of the problem in a tertiary referral hospital. J Crit 
Care. 2012;27:326.e9-16. [PubMedl 

9. Polandic JE. Electrolytes. In: Bishop ML, Fody EP, Schoeff LE, editors. Clinical Chemistry Techniques, 
Principles and Correlation. 6t1i ed. New Delhi: Wolters Kluwer; 2012. pp. 357-83. 

10. Budak YU, Huy sal K, Polat M. Use of a blood gas analyzer and a laboratory autoanalyzer in routine practice to 
measure electrolytes in intensive care unit patients. BMC Anesthesiol. 2012:12:17. [ PMC free article 1 [ PubMedl 

11. King R, Campbell A. Performance of the radiometer 0SM3 and ABL505 blood gas analyzers for the 
determination of sodium, potassium and haemoglobin concentrations Anaesthesia 2000; 55:65-9. 

12. Morimatsu H, Rocklaschel J, Bellomo R, Uchino S, Goldsmith D, Gutteridge G. Comparison of point -of-care 
versus central laboratory measurement of electrolyte concentration on calculations of anion gap and the strong 
ion difference. Anaesthesiology 2003;98:1077-84. 

13. Leino A, Kurvinen K. Interchangeability of blood gas, electrolyte and metabolite results measured with point-of- 
care, blood gas and core laboratory analyzers. Clin Clrem Lab Med. 2011;49:1187-91. 

14. Inoue S, Egi M, Kotani J, Morita K. Accuracy of blood-glucose measurements using glucose meters and arterial 
blood gas analyzers in critically ill adult patients: systematic review. Crit Care. 2013 ;17:R48. 

15. Zhang JB, Lin J, Zhao XD. Analysis of bias in measurements of potassium, sodium and hemoglobin by an 
emergency department-based blood gas analyzer relative to hospital laboratory autoanalyzer results. PLoS One. 
2015; 10:e0122383. 

16. Chow E, Fox N, Gama R. Effect of low serum total protein on sodium and potassium measurement by 
ion-selective electrodes in critically ill patients. Br J Biomed Sci. 2008;65(3): 128-131. [ PubMedl 


Impact Factor (JCC): 5.0273 


NAAS Rating 3.73 














Use of Caution While Interpretation of Electrolyte Results (Sodium and Potassium) when 
Processed on Electrolyte Analyzer or on Arterial Blood Gas Analyzer 


33 


17. Jain A, Subhan I, Joshi M. Comparison of the point-of-care blood gas analyzer versus the laboratory 
auto-analyzer for the measurement of electrolytes, lnt J Emerg Med. 2009;2:117-20. [PMC free 
article UPubMed 1 

18. Chliapola V, Kanwal SK, Sharma R, Kumar V. A comparative study on reliability of point of care sodium and 
potassium estimation in a pediatric intensive care unit. Indian J Pediatr. 2013:80:731-5. [PubMedl 

19. Budak YU, Huy sal K, PolatM. Use of a blood gas analyzer and a laboratory autoanalyzer in routine practice to 
measure electrolytes in intensive care unit patients. BMC Anesthesiol. 2012:12:17. [ PMC free article 1 [ PubMedl 

20. Van Berkel M, Scharnhorst V. Electrolyte-balanced heparin in blood gas syringes can introduce a significant 
bias in the measurement of positively charged electrolytes. Clin Chem Lab Med. 2011; 49:249-52. [ PubMedl 

21. Morimatsu H, Rocktaschel J, Bellomo R, Uchino S, Goldsmith D, Gutteridge G. Comparison of point-of-care 
versus central laboratory measurement of electrolyte concentrations on calculations of the anion gap and the 
strong ion difference. Anesthesiology. 2003;98:1077-1084. [ PubMedl 

22. Chacko B, Peter JV, Patole S, Fleming JJ, Selvakumar R. Electrolytes assessed by point-of-care testing- Are the 
values comperable with results obtained from the central laboratory? Indian J Crit Care Med. 2011: 
15:24-29. [PMC free article 1 [PubMed] 


www.iaset.us 


editor @iaset. us 














